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[57] ABSTRACI‘ 
The invention relates to a process for the production of 
doped heterocyclic polymers, wherein sulphur-free 
heteroaromatic compounds are reacted with arsenic 
penta?uoride, optionally in the gas phase or in an inert 
organic solvent, at temperatures of from —20° C. to 
+80° C. (or the boiling point of the solvent), and to the 
doped heterocyclic polymers obtained according to this 
process, 

as well as to doped products of polymers according to 
the following formula 

X 

\ / CH: CH 

wherein 
X=O or S, and 
n an integer of >10, 
and a process for the production thereof. 

(1) 

2 Claims, No Drawings 
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OXIDIZING POLYMERIZATION WITH ASF5 

This application is a divisional application of Ser. No. 
506,607. ?led June 22, 1983. now abandoned. 

It is known that conductivity can be increased by 
doping suitable polymers with AsF5. 
The present invention relates to a process for the 

production of doped heterocyclic polymers which is 
characterized in that low molecular weight sulphur-free 
heteroaromatic compounds are reacted with arsenic 
penta?uoride, and to the polymers obtained by this 
process. 

If low molecular weight sulphur-free heteroaromatic 
compounds (including those containing two or more 
heteroaromatic ring systems which may even be part of 
a conjugated 'rr-electron system). are reacted with AsF5 
in accordance with the present invention, it is not the 
expected low molecular weight salts that are formed. 
Instead, conductive polymers are obtained by a combi 
nation of polymerisation and doping. The reaction of 
unsaturated 5-ring heterocycles with AsFs is particu 
larly preferred. This reaction may be carried out, for 
example, with pyrrole, furan, pyrazole, imidazole or 
oxazole, which may be substituted by halogen, alkyl, 
alkoxycarbonyl or hydroxy, pyridine, 4,4’-bipyridyl and 
their substitution products, fused heterocycles and also 
with compounds in which aromatic, substituted aro 
matic or heteroaromatic ring systems are condensed 
with heterocycles. Doped polymers showing high elec 
trical conductivity values are formed in every case. 

In these reactions, AsF5 may be used in apolar, abso 
lutely anhydrous solvents, such as for example hexane, 
benzene, toluene, dichloromethane, 1,2-dichlorome 
thane, or mixtures thereof both in air, nitrogen or argon 
at temperatures in the range of from —-20° C. to the 
boiling temperature of the particular solvent. 
However, gaseous AsF5 is preferably allowed to act 

on the solid, liquid or gaseous heterocyclic compound 
at temperatures in the range of from -40" C. to + 120° 
C., the polymer according to the invention being ob 
tained in the form of a black powder or a block ?lm. 
Some of the polymers obtained are highly stable both 

to atmospheric moisture and, in some cases, also to 
hydrolysis. Other polymers are completely or partly 
hydrolyzed to form the corresponding polyheteroary 
lenes by stirring for several hours with water, ethanol 
or 25% NH4OH at room temperature. Where hydroly 
sis is carried out with NH4OH, amination may also 
occur. 

The structure of the polymers obtained is con?rmed 
by elemental analyses, IR-spectra and also by mass 
spectrometric examination. 
Apart from the bands characteristic of the parent 

substances or polymers used, the IR-spectra of these 
polymers with their salt structure show the bands char 
acteristic of AsF5 for the heteroaromatic units. 
The polymers according to the invention may be used 

as electrically conducting or semiconducting compo 
nents, for example in panel-type heating elements, in 
electronic devices, as battery elements, in capacitors, 

20 

25 

40 

45 

50 

60 

2 
for photovoltaic transducers and also for shielding 
against electromagnetic radiation. Subject of the inven 
tion are, furthermore, doped products of polymers ac 
cording to the following formula: 

(I) 
X 

\ / CH=CH 

wherein 
X=O or S, and 
n an integer of> l0, 
and a process for the production thereof. 
The starting materials poly(2.S-thiophendiylvinylene) 

and poly(2.S-furanediylvinylene) are generally known. 
The derivative of thiophenediyl can be obtained ac 
cording to the method described in Makromol. Chem. 
131, 15 (1970) and 131, 37 (1970) and the derivative of 
furanediyl according to base-catalysed autocondensa 
tion of 5-methylfurane-2-carbaldehyde. 

It was found now that these polymers can be treated 
with commonly known dopants, e.g., with protonic 
acids such as H2804, CClO4, H2Cr2O7, HI, HNO3, with 
Lewis acids such as SbCl5, AsCl5, TiCl4, FeCl3, SnCl4 
or with AsF5 or with halogen, e.g., iodine. This treat 
ment can, in general, be carried out by subjecting the 
polymers to either vapours or solutions of the doping 
agents. Mostly, one works at a temperature of from 10° 
to 30° C. and under exclusion of air and of moisture. 
The treatment may last for some hours or several days. 
The simplest method is to introduce a sample of the 
polymer and a sample of the dopant in an exsiccator, 
evacuates and let them pass. The effect of the doping 
can be seem from a change in colour of the samples. In 
general, the polymer is yellow to colourless. After dop 
ing, the colour of the polymer turns from darkbrown to 
black. 

After doping the electrical conductivity of the prod 
ucts is increased by several orders of magnitude. 
The polymers according to the invention can be used, 

e.g., in electrically conducting or semi-conducting 
building elements, in panel-type heating elements, in 
electronic devices, as battery elements, in condensators, 
for photovoltaic transducers, as well as for shielding 
against electromagnetic radiation. 

EXAMPLES 

EXAMPLES l to 12 

General Procedure 

The low molecular weight heterocycles are intro 
duced into a vacuum vessel. The vessel is then evacu 
ated and AsF5 is introduced at room temperature. The 
AsF5 pressure and contact time are shown in the follow 
ing Table. 

Black, insoluble and infusible powders or ?lms are 
formed and may be removed from the wall of the reac 
tion vessel. 

TABLE 
Examples 1 to 12 

Example AsF5-pressure Reaction time 8 298K 
No. Starting material [Torr] [hours] [ohm‘ lcm_ 1] 
1 pyrrole 550 48 1.3 X 10-4 powder 
2 furan 550 72 3.1 X 10-8 (powder) 
3 furan 450 72 1.8 X 10"‘ (?lm) 
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TABLE-continued 
Examples 1 to 12 

Example AsF5-pressure Reaction time 8 298K 
No. Starting material [Torr] [hours] [ohm’1cm"l] 
4 pyridine 450 72 1.8 >< 104° powder 
5 4,4’-bipyridyl 500 24 3.4 X 10'9 powder 
6 l-methylimidazole 900 12 l X l0_7 powder 

7 300 24 6.4 x m—6 ?lm 

/ \ CH=CH-—?—CI-l3 
O 

s 900 24 6.3 X iii-6 ?lm 

/ \ CH2—OH 
O 

9 900 24 6 x 10-5 powder 

l’ 
CH3 

10 a-picoline 900 24 2 x 10-6 powder 
ll B-picoline s00 24 6 x 10-8 powder 
12 ‘y-picoline 900 24 5.3 X 10-7 powder 

EXAMPLE 13 

10 parts by weight of polythiophenediylvinylene and 
20 parts by weight of iodine are introduced into a vac 
uum vessel and allowed to react. After 24 hours, the 
colour of the polythiophenediylvinylene has changed to 
black. 18 parts by weight of doped polythiophenediylvi 
nylene are obtained, having a speci?c conductivity of 
2X10—4Q.—1 cm*1. 

EXAMPLE l4 

Analogously to Example 13, 10 parts by weight of 
polyfuranediylvinylene and 20 parts by weight of iodine 
are allowed to react. 16.5 parts by weight of a doped 
product are obtained, having a speci?c conductivity of 
2X 10-3Q-1 cm-1. 

EXAMPLE l5 

10 parts by weight of polyfuranediylvinylene and 12 
parts by weight of gaseous AsF5 are introduced into a 
vacuum vessel. The colour of the product changes to 
black immediately. After 8 hours, 18.5 parts by weight 
of a doped product are obtained, having a speci?c con 
ductivity of 6XlO-1Q-1cm—1. 

EXAMPLE l6 

10 parts by weight of polythiophenedivinylene are 
introduced into a vacuum vessel, having an excess of 
HClO4 (in separate vessels). After 30 days, 14.5 parts by 
weight of a dark-coloured powder are obtained, having 
a speci?c conductivity of 4.8X1O~3Q~'1 cm"1. 
We claim: 
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1. Doped products comprising polymers according to 
the formula: 

X 

\ / CH=CH 

wherein 
X is O or S, and 
n is an integer greater than 10, 
which have been doped with a protonic acid, a Lewis 

acid or halogen. 
2. Process for the production of doped products by 

doping polymers according to the formula: 

X 

\ / CH=CH 

wherein 
X is O or S, and 
n is an integer greater than 10, 
which comprises subjecting said polymers to doping 

with vapors or solutions of protonic acids, Lewis 
acids or halogen at a temperature from 10° to 30° 
C. with exclusion of air and of moisture whereby 
doping of said polymer is achieved. 

* * * * * 


